This research studies land values and the associated property tax implications of formal property rights, informal property rights, and squatting. Using the Peruvian Living Standards Measurement Survey data from 2007 to 2012, the research provides estimates of the land value and property tax losses associated with property rights and squatting. We use a hedonic model to obtain these estimates which are then used to provide the implied value of property taxes that are not being collected as a result of informal property rights. The policy implications of the results suggest improved methods for property right assignment that would led to enhanced property tax collections that may lead to funds for the provision of infrastructure in the affected communities.
Introduction
For the first time in recorded history, the majority of the world's population lives in an urban area. This demographic change was largely driven by rapid urbanization in developing countries. Latin America exemplifies this trend. Currently, 78 percent of the Latin American and Caribbean population live in urban areas. This makes Latin American and Caribbean countries more highly urbanized than Europe, Africa, or Asia (USAID 2010). The migration of people from rural to urban areas in the region has overwhelmed the capacity of municipal governments to provide both infrastructure and social services. The result has been the development of large squatter communities in the sprawling metropolitan areas of the region.
The conventional definition of squatting is the occupation of an unoccupied space or building without the legal permission to do so. The United Nations (UN) estimates that there are nearly a billion squatters in the world and that they constitute nearly a third of the world's urban population. The numbers are similar for Latin America. There are an estimated 130 million squatters in the region. This is nearly a third of the urban population and nearly a quarter of the total population. The phenomenon is so common that it is arguably the largest property rights problem in the region. Squatting has become a typical form of housing for the poor and the rural migrants making their way to urban areas over the past 30 years. Virtually any large city in Latin America is ringed by squatter settlements as the value of land diminishes with the distance from the center of the city. While the problem of squatting in the region is large, the literature on squatting in Latin America is not extensive. Quite understandably, the existing research primarily focuses on the human development aspects of squatting such as health and education outcomes. The research on squatting and land values is quite small. The rationale for the current research is that there is virtually no information on the effects of squatting on municipal tax revenues.
To begin, this paper provides information on the land value and property tax implications associated with squatting and property rights in Peru. In Latin America, property rights have long been a contentious issue. 1 As pointed out by De Cesare (2012), squatting complicates the administration of property taxes in the region. On the other hand, municipalities in the region are struggling to generate sufficient revenues to provide basic public services such as water and sewer. At the moment, there is no information on the tax consequences of property rights or squatting in Latin America. To address this problem, we use data from the 2007 -2012 Living Standards Measurement Survey (LSMS) and the traditional hedonic method to estimate the potential changes in land value from the provision of property rights. Using the implicit prices for squatting and property rights, we estimate property tax losses associated with informal settlements. Our results suggest that there is a positive correlation between the strength of property rights and property values. As a result, we can obtain estimates of the tax revenues that can be derived from property taxes. Our results indicate that the lost revenue for the municipal authorities in Lima is not trivial.
The next section of the paper reviews the previous literature on the relationship between property rights and property values. This is followed by a discussion of how tax authorities in Lima both value property and deal with informal property rights. This is followed by a description of the data, the estimation technique, and the estimated results. The paper concludes with the implications our results have for the administration of property taxes and their importance in a wider context of municipal finances in a developing country such as Peru.
Informal Land Use, Property Values, and Public Finance
A large portion of the population in developing countries lives on land that it does not formally own. Known as squatters, these residents either occupy land through invasion or purchase use rights informally. The literature on property rights tends to focus on the economic and social aspects of obtaining government supported right of use. The seminal work of Hernando de Soto (2000) discusses how the institution of property rights affects the efficiency of a capitalist system in the context of developing countries. De Soto shows that the lack of leverageable capital due to poorly defined property rights is a major hurdle to the proper functioning of capitalism outside the developed countries. He sees clarifying land use rights as crucial for developing countries. However, economic analysis of informal land use is difficult due to the severe data constraints. As a result the number of papers included below is almost a complete review of the existing economic literature for the Latin America region. These papers can be categorized into two broad groups. First, there is a set of papers that focus on the broader social impacts of squatting. We briefly summarize this literature as it has some bearing on our current research. The broader literature on squatting indicates that the provision of property rights improves a number of social outcomes. While it is difficult to determine to what extent these improvements affect property values it is implausible to assume they would lead to lower values. As a result, these studies should be viewed as complementary to more narrowly focused research on property rights and property values. The second category of papers which is most relevant to our research reports numerical estimates of the effects of providing formal property rights for squatters.
As mentioned above, the broader literature on squatting is relevant to our research in the sense that researchers have consistently found that providing squatters with property rights tends to produce positive social outcomes in squatter communities. This matters for previous research and our research on property rights and property values. There is no tidy theoretical model that specifies precisely how the provision of property rights increases property values. However, if the provision of property rights results in a variety of improvements in the welfare of squatter communities, then this literature provides at least one channel linking property rights with higher property values.
The literature on social welfare and property rights can be broken into two main categories. A number of researchers have emphasized a variety of positive outcomes from the provision of property rights. Field (2003) showed that Peruvian women who participated in titling programs were more likely to be involved in household decision making and had lower fertility rates. Galiani and Schargrodsky (2004) find titled households are more likely to show improvements in child health as measured by weight-for-height scores and lower teen pregnancy rates. Field (2007) finds titling leads to increases in work hours, movement to work outside the home, and a substitution of adult for child labor. The latter effect is interesting as the research shows that without property rights adults spend more time in the household to prevent loss of the informal property and substitute child labor for the income loss. Galiani and Schargrodsky (2010) find that titling tends to improve educational outcomes. In general, the research indicates that there are positive impacts on poverty from titling. Not surprisingly, Payne et al. (2009) point out the limitations and drawbacks of simply relying on titling programs alone to combat poverty. In and of themselves, property rights seem to be a useful part of a larger set of policies designed to reduce poverty in Latin America. In another vein that is closer to our research, a number of papers have shown that the provision of property rights to squatters is linked to an increase in investment in the property. Field (2005) and Galiani and Schargrodsky (2010) find that the provision of property rights increases investment in both urban and rural environments, respectively. However, Field and Torreo (2006) find that the increase in investment does not come from greater access to credit markets as posited by de Soto. The complete effects of titling programs are still under research, but researchers clearly have linked assigning formal land use rights to poverty alleviation.
From this more general literature we can now move to the literature that more directly estimates the effect of the provision of property rights on land values. In an early paper, Jimenez (1984) uses a Box-Cox transformed hedonic price equation to obtain a value for tenure security in Davao, Philippines. An extensive data set includes 3,344 households of which 1,505 are squatters. In addition, the data indicates if the property is occupied by an owner or a renter. This allowed for separate estimating equations for the two groups. The results of the estimations provided implicit prices which could be used to predict the sales price or rental value of squatter's dwellings. These implicit prices could then be compared to actual prices or rents. The difference was a premium of 18 percent or 58 percent for renters and owners, respectively. Alston et al. (1996) use three datasets to show the impact of property rights on land values in two Brazilian agricultural areas. The authors focus on micro-level survey data to determine individual impacts, but also use census data at the county level to report on more general impacts. The empirical results support their theoretical predictions that land values and investments would increase with titles. The survey data includes four components and in total the sample includes 206 farmers at various distances from four market communities. The authors find an increase in land values of between 35 percent and 71 percent depending on the distance from market. The increase in investment as shown by an increase in the share of farm land in pasture and permanent crops rose by 21 to 48 percentage points. The census data results are broadly consistent with the survey data findings. Lanjuow and Levy (2002) examine the effects of property rights on squatters' welfare. Using data from a 1996 survey of 400 households in Guayaquil, Ecuador they investigate the impact of titling on tenure security, facilitating transactions, and property values. The results show that having an ownership document increases tenure security, or lowers the expectation of a household being evicted. The authors also find titling increases the ability to contract (rent or sell) with someone outside the family or community. When examining the effects of titling on property values, the sample size is reduced to 51 observations, but the data are quasiexperimental in design and include self-reported constructed property values for each household under both property rights scenarios (having title and not having title). The authors find that titling increases values and report the unconditional mean difference as 23.5 percent of untitled property values. This within-subjects method avoids some pitfalls (endogeneity of property rights and unobservable differences in housing quality) of the hedonic method, but the sample size is small and may not be representative of the country or region. The authors do not make any attempt to calculate the impacts of titling on local government finance. Galiani and Schargrodsky (2011a) examine the effect of titling on property valuation, appearance, investment, and liquidity. The authors use a natural experiment on approximately 1,000 squatter households in suburban Buenos Aires, Argentina where over 400 squatters (randomly) received title for the land from the government after it was purchased from the original owners. Other squatters did not receive title as the original owners entered a long legal battle over the valuation of the parcels. This characteristic of their data is important as it removes endogeniety concerns. In other words, the assignment of treatment (title) is orthogonal to the outcomes of interest. Most research cannot make this strong causal claim, thus the findings become something approaching a benchmark for comparison. The authors find increases in property values of approximately 19 percent from titling. Other positive effects of titling include increased investment, smaller households, and better education outcomes for children. Again, access to credit markets was not affected by titling. The authors conclude that a titling policy may reduce poverty not through access to credit but through long-term investment in housing and human capital.
From the summary of the existing literature above, we now are able to put our current research into context. We extend this literature in three relevant ways. First, we look at a much larger sample of households (20,000 per year) in a different country, Peru. At this time, the literature on squatting and property values is restricted to only a few countries. Adding another study from a different country in the region would be useful. Peru has had substantial migration from rural to urban areas. In the 1960s, the percentage of people living in urban areas was 47 percent; while in 2007, nearly 80 percent lived in urban areas. In addition, the previous studies are based on samples that while not unacceptably small, perhaps would be of more significance if the results could be compared to a study using a much larger sample. Second, we are able to control for a fine level of geography, the neighborhood. Third, we focus on the change in property values which results from a change in property rights as in the previous literature. However, we extend the analysis to include a new consequence of titling, the change in property tax revenues. The literature has largely ignored or discussed this impact only in passing. In our work, the potential increase in property tax revenues is an important outcome of our research.
De Cesare (2012) provides a description of the broad outlines of collecting property taxes in Latin America. By any standard property tax collections in Latin America are low, about two percent of government revenue. This compares to an average of 2.4 percent for developing countries and about four percent for OECD countries. Institutional issues such as taxation responsibilities, the tax base, the universality of the tax, tax rates, and the distribution of revenue all play a role in hindering property tax collections. What is missing from the existing literature is the extent to which informality reduces the ability of subnational governments to collect property taxes. Understandably due to data constraints, the issue of the informal housing market has been left unaddressed.
As a result, our study provides additional data on the difference between titled and untitled properties. More specifically, we use our estimates to address the implications for property taxation in an important country in Latin America. Moreover, Peru is not only an important country but it is also a very "average" country which is useful in the current context. Using data from the World Bank (2015), in 2013 Peru had a total GDP of $202 billion. It was the seventh largest economy in the region between the large economies of Brazil and Mexico and the smaller economies of Central America. In the same year, GDP per capita was $10,307 which is only slightly above the average for Latin America. In the continuing efforts to increase property tax collections, local tax officials may be able to use this information as a rough proxy for the initial value of property that is being moved from informal to taxable status. Second, the results may provide a more complete picture of the losses being generated by informal land arrangements in developing areas.
The literature connecting hedonic models and property tax revenue estimates is surprisingly sparse. However, some local governments use hedonic models when implementing mass appraisals as this method may lower the number of appraisal appeals (Arnott 2005) . The use of hedonic models to measure the change in property values is common but the literature does not frequently estimate the property tax revenue effects of the additional value. This added step is useful and may shed light on costs versus benefits of a particular policy or program. Geoghegan et al. (2003) use a hedonic framework to estimate the added value of open space to nearby residential properties. The authors use the estimates to find the additional tax revenue from a hypothetical increase in open space. They compare the added revenues to the cost of purchasing the added space in the market and find the overall cost of such programs is only about 40 percent of the total land costs after the first year of additional revenues alone. The calculation of property tax revenues enlightens the policy discussion by clarifying the costs and benefits. The addition of information on the relationship between changes in property values and tax revenues where so little is known about this issue is important in its own right. Given the difficulties of collecting tax revenue in a developing country environment, estimates of changes in tax revenues derived from policy driven changes in property values arguably is of much greater importance.
Informal Land Use in a Peruvian Context
In Peru, perpetual fee simple ownership of real property is typical. However, the current law states owners' absolute right over the real estate can be lost due to two circumstances. First, if the owner abandons the property for more than twenty years, the real estate is transferred to the Peruvian government (Peru Civil Code, Article 968). Second, the possessor who is not the owner of the real estate may acquire the property if the possession is continual, peaceful, and public. If the possessor is in good faith, the time needed to obtain ownership is five years. If the situation is not in good faith, the time required is ten years (Peru Civil Code, Article 950). It may be that a possessor or squatter uses the property tax as a way to satisfy continual, peaceful, and public control of the real estate. In other words, the squatter, believing no one owns the land, registers the location and pays the taxes in good faith. In this situation, the squatter is in a strong position to establish legal ownership after five years.
It is important to mention that a key urban property-rights reform was implemented in 1996 by the COFOPRI, Organization for Formalization of Informal Property. COFOPRI had important results until 2007. It distributed nearly 1.2 million property titles to squatters on public land. Roughly 6.3 million of the approximately 10 million urban residents received property rights recognized by formal law and registered with the state. As a result, 30 percent of urban land plots were titled by 2007. In 2007 the program underwent major changes and it was merged with the rural land titling program.
Defining Various Categories of Formal and Informal Land Use
Peruvian squatter settlements form quickly and with the support of large numbers, as is typical around the globe. The initial inhabitants use invasion to acquire the use of the land and numbers to lower the probability of eviction. If the settlement is successful, the tenure security of the residents is increased but still short of those with property rights. At this point, many of the initial squatters sell their dwellings in the informal market and move to new squatting opportunities. While the new owners pay for the house through installments or outright and may view themselves as owners, many of the new owners do not have title to the land. Thus, the informal real estate market muddles the notion of squatter and owner.
We define two types of households through property rights, those with title and those without. We also can classify the household by how they acquired the property which is an important ownership measure. As mentioned above, some households do not self-identify as a squatter but as an owner even though they do not have property rights. This group of households we categorize as informal owners. An informal owner resides on land for which they do not have formal property rights but did not acquire the land through invasion. It is likely that the land of the informal owner was originally acquired by invasion but then sold in the informal market after a critical level of tenure security was achieved. Those that self-identify as a squatter disclose they acquired the property through invasion and we categorize them as invaders. It is important to remember that formal owners may have been invaders before they acquired title.
Property Valuation in Peru
Residents register their living location with local governments and property tax departments. Those registered with the property tax departments are signaling ownership of the property to the local municipality even if they do not have legal ownership. The local municipality is not charged with titling so the property tax department is not concerned with determining legal ownership only with collection of taxes owed. In other words, individuals may pay property taxes for property they do not legally own. 4 The appraisal system includes two main components-land and improvements. The land is taxed at a specified rate per square meter which varies by region and is set by the national government. 5 The land portion of the appraisal is typically small, 10-20 percent of the total valuation. The majority of the appraisal is based on several characteristics of the improvement on the land. 6 Each characteristic is graded into a category (typically designated with letters: A through G for example). These categories determine the value per square meter of roof area for the property. Metropolitan Lima, the coastal areas (except Lima), the highlands, and the Amazon region have slightly different categories and values. Each characteristic is graded into a category with a corresponding value, and then the total value of the property is calculated by summing the values of each characteristic. For example, one component of the appraisal is flooring. In Lima, the highest category (A category) includes imported marble, natural stone, or imported porcelain and the corresponding value is 235.90 soles per square meter of roof area. The lowest category (I category) designates compacted earth and is valued at 4.15 soles per square meter of roof area. This value is added to the other characteristics' values to determine the total appraised value of the property. At this point the value is depreciated based on the age, type of structure, and quality of upkeep. This depreciation rate varies. A concrete home with very good upkeep that is less than 6 years old receives a depreciation rate of 0 percent. An adobe style home with poor upkeep that is 25 to 30 years old is depreciated at 90 percent of the appraised value.
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Finally the tax rate is applied to the appraised value (less depreciation) to obtain the tax amount owed. The tax rate is progressive and based on appraised value. The first $15,000 of appraised value is taxed at 0.2 percent, the next $45,000 in value is taxed at 0.6 percent, and any value over $60,000 is taxed at 1 percent. 9 The elderly, if they own only one property and that property is registered in their name only, receive a reduction in property taxes. They do not pay taxes on the first $50,000 of appraised value. In other words if the property is worth $50,000 or less they have zero property tax burden, but if the value is above $50,000 they pay 0.6 percent for the first $10,000 above the $50,000 and 1 percent for any amount above $60,000.
simply needs to convince the zoning board and the effected neighbors that the property is better suited for a different use and the change is made.
As an example, we construct a simplified version of an appraisal. This fictional example uses two characteristics and highlights the wide range of categories and values for each of the characteristics evaluated. Our 100 square meter property in metropolitan Lima has a sloped concrete roof with basic tile finished bathrooms and is owned by a young family. The roof (category B) is valued at 174.28 soles per square meter and the bathroom (category D) adds 24.43 soles per square meter. The total appraised value of the home is 19,871 soles ((174.28+24.43)*100). The property is of concrete construction and 9 years old with regular upkeep, thus the depreciation rate for this property is 10 percent. The final net of depreciation appraised value is 17,883.90 (19,871*0.9) which corresponds to $4,645.
10 The taxes due are $9.29 ($4,645*0.002) or around 36 soles.
Once the appraisal is complete, each individual's local municipality or rural district property tax division delivers a property tax bill to the registered owner. The property tax bill is detailed and clearly describes the property, appraisal (including the categories within which each characteristic is graded), and the amount due. At this point the property tax acts almost like a negotiation where both parties must agree to the appraisal.
11 The simplest result is the owner signs the bill signifying agreement with the appraisal and tax responsibility. If owners do not agree with the appraisal they can ask for an appeal and an appraiser from the local district comes to the property and re-evaluates the appraisal.
Data
The data for this project come from the Living Standards Measurement Survey (LSMS). The LSMS (or Encuesta Nacional de Hogares), is a cross section of households collected annually by the National Statistics Office (Instituto Nacional de Estadistica e Informatica or INEI). The main purpose of this survey is to reveal the evolution of poverty, welfare, and living conditions of households.
12 Data from this project is available from 2007 through 2012 and consists of a stratified household sample representative at the national and regional level. Among other things, the sampling considers environmental conditions (coast, highlands, or forest), geographical location (north, central, or south), and urban or rural status.
For our purposes, the key components of the LSMS are measures of property rights, squatter status, and the value of the property. The survey asks heads of households about ownership 13 , if they possess property rights 14 , and the monthly rental price of the property 15 . Table 2 provides means of observables as well as differences in means by property rights status. In the full sample, the average monthly rent is just over 155 Nuevo Soles with 90 percent of the households residing in an independent house. There are 3.5 rooms on average and 80 percent of the dwellings have electricity. Urban households account for 56 percent of the full sample and Lima accounts for 10 percent of the full sample. Table 2 shows there are statistically significant differences in monthly rents reported across property rights status. Those with a title estimate monthly rent at an average of 215.58 soles; whereas, households without property rights only expect a monthly rent on average of 80.12 soles. When property rights are in process the monthly rent climbs to 162.14 soles, much greater than without property rights but less than with property rights. There are also significant differences in the characteristics of the structure as well. Concrete, running water and sewage, electricity, and electric or gas cooking methods are more prevalent in households with property rights or titles in process. Property rights also lead to higher average investments to improve the property.
(1) (2) (3) (4) (5) (6) for dwellings with improvements. We consider the property in an urban area if there are at least 401 dwellings in the area. ***, **, * signifies statistical significant difference (ttest) at the 99%, 95%, and 90% level, respectively.
Figures 1 and 2 present kernel density plots of monthly rents; these figures provide a visual representation of differences in rents by property rights and ownership status. The rent density of those without property rights is centered about a lower rent when compared to households with property rights or titles in process. Interestingly, households who acquired ownership through invasion have a tighter density centered just below the mean monthly rent; whereas, owners who have fully paid for their property are much more evenly spread across the rent distribution. Not surprisingly, those who are paying installments view their properties as more valuable in terms of rent than other owner types. The LSMS data include geographical information for each household. The survey identifies the area in which the dwelling is sampled. For urban and rural areas, the sampling area includes 120 households on average and follows closely (if not exactly for urban areas) with Manzanas. The data also include the latitude and longitude for the centroid of the Manzana for the urban households. Conveniently, a Manzana is quite similar to the familiar U.S. Census block. The rural location identifiers are not as precise, but the latitude and longitude information is provided for the centroid of the rural population center (or Centro Poblado), or the adjacent area comprising a center city of between 500 and 2,000 residents or in very rural areas of approximately 100 households. We use the sampling areas as location identifiers to control for unobservable differences across space. For our purposes, they essentially become neighborhood fixed effects and capture variations in education, income, and health status, among other things. Including these fixed effects is comparable to controlling directly for similar neighborhood characteristics from the 2007 Peruvian Census data. The only difference is uncovering which characteristics of the neighborhood have a significant influence on the rental value.
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Methodology and Results
We use hedonic estimation methods to elicit the effects that squatting and property rights have on monthly rental values. Following Rosen (1974) , the hedonic price function uncovers implicit prices for observable dwelling characteristics. By using this method, we are assuming the characteristics of the house are perceived by all consumers. The market for housing must also provide a large amount of choices or variation in units that cannot be unpackaged and sold for parts. These are reasonable assumptions for a typical housing market. When the market clears, buyer value and seller offer functions reveal implicit marginal prices for the characteristics of the dwelling.
Researchers use these implicit prices to determine the marginal impact from changing a wide range of housing or neighborhood characteristics. A few recent examples include school quality (Zahirovic-Herbert and Turnbull 2008), neighborhood ethnic preferences (Yinger 2014) , and forced sales (Campbell et al. 2011) . 17 We focus on determining the implicit prices and resulting incremental property value effects attached to the status of property rights (with, without, and in process) and the impact of invasion.
We estimate the following equation: 
The dependent variable is the natural logarithm of the monthly rental value for property i at location j in year t while the independent variables of interest are invasion and property rights status. The estimands, β1 and β2, return the implicit prices for various property rights and invasion characteristics. In some specifications, we include a complete set of interaction effects between invasion and property rights in the model, Z. The model includes a vector, X, of observable dwelling characteristics such as concrete use and water and sewer connections. These control variables help identify more precisely the marginal value of the rent derived directly from ownership and property rights. 16 At the moment, the Peruvian Census data are not available at the Manzana level with spatial references nor are digital maps of the Manzanas or the sampling areas available. 17 An additional important feature of the hedonic method is its ability to generate a price index. Though not the central focus of this paper, a price index is informative for local governments and real estate professionals. Table 3 shows the estimation results of equation (1). We estimate four specifications varying the detail of location fixed effects and the inclusion of interaction terms. Specification (1) includes basic region fixed effects (central, highland, jungle, and coast), whereas specification (2) uses more detailed region fixed effects. Specifications (3) and (4) include over 4,000 fixed effects for each sampling area, an area including approximately 100 homes around the observed dwelling. Specification (4) also includes the interaction terms between invasion and property rights.
The results yield a consistent benefit of having a title and being in process to obtaining property rights. The effect ranges in magnitude from 6.9 percent to 13.1 percent; these estimates are conservative when compared to the previous literature. This is likely due to the much larger sample size, detailed covariates, and fixed effects. The impact on rental values translates into 5.5 to 10.5 soles more per month on the average dwelling without property rights. Table 3 also shows the impact invasion has on property values. Individuals who acquire parcel through invasion have rental values of between six percent and 11 percent less than those who are squatting but did not invade on the land. This first generation squatter effect is almost as large as the impact of property rights. The interaction effects between invasion and property rights are not significant, implying an individual, who acquired the land through invasion and then obtained property rights, does not see additional impacts on value.
The implicit prices of the remaining housing characteristics are logical and mostly steady throughout the specifications with only slight differences in the estimated magnitudes. As expected, the use of concrete in construction, connections for water, sewer, and electricity, and size measured by number of rooms are all statistically significant and increase the value of the dwelling. The magnitudes of these impacts are one to three times the effect of property rights. In other words, connecting a basic need, water, to the dwelling has a similar impact on values as gaining title. The only estimand that changes sign is the house indicator, and this may indicate the importance of finer geographically defined fixed effects.
We also estimate equation (1) for just the properties within the Lima metropolitan area. Table 4 shows the results and follows the same specifications as table 3, excluding specification 2. Housing and household characteristics are included in all specifications, while neighborhood and interaction effects are included in specification 3 and 4, respectively. As expected, the impact of property rights is larger for properties in Lima; the effect ranges from 7.3 percent to 9.3 percent. Likewise, the discount for invading is more severe-8.8 percent to 22.9 percent. The interaction terms are not statistically significant. Table 5 shows the differential impact of title and invasion by utility status of the dwelling. Informal real estate markets may value utility connections in combination with property rights or perceive these utilities as signals of tenure security. In these estimations, we consider the effects of water and utility connections on property values both jointly and separately. Interestingly the results are indicating that the provision of water has a larger impact than electricity. The results indicate some synergy between the two. The provision of both water and electricity has a much larger impact than separate provision of the two. Table 5 . Heterogeneous effects of property rights by utility provision.
Note: The utility "Water" implies the housing unit is connected to both water and sewage. The utility "Electricity" implies the dwelling is connected to a power grid. Expenditures and income are meas ured in thous ands of Neuvo Soles. *, **, *** designate statistical significance at the 0.1, 0.05, and 0.01 level respectively.
While there is no formal definition of what constitutes robustness check of the results, are separate estimations are at least a less formal check. Moving among tables 3 through 5, the majority of the results are consistent both in terms of statistical significance and the magnitude of the effects of titling on property values. As one would expect, the strongest results are for the country as a whole with slighter weaker results for Lima and accounting for the presence of water and electricity connections. As the coefficient estimates do not radically change either across specifications or among different samples, our confidence in the quality of the results, while never perfectly certain, is high.
18
Ultimately, we are interested in determining an estimate for the amount of property tax revenue lost due to residents living on untitled land. In order to do this calculation we make the simplifying assumptions discussed below.
Implications for the Peruvian Property Tax System
Now that we have implicit price of property rights, we estimate the impact to the property tax system. This thought experiment is difficult and requires making limiting assumptions. However, the exercise provides rough orders of magnitude estimates of the costs in revenue squatters impose on the tax system. We acknowledge this is a partial equilibrium analysis and only provides a singular view of the story. As is usually the case, the general equilibrium effects of the experiment are plausibly larger.
First, we assume that all squatters are given property rights, so their values are subject to the estimates from above. 19 We will split this exercise into two parts-country wide and only metropolitan Lima. Now that all of the squatter households are assumed formal, they must register their location and pay property taxes. The size of our sample makes a simulation of each dwelling's property tax bill cumbersome, so we focus our analysis on the average household.
Starting with the country wide scenario, the average rent of a dwelling in our sample without a title is 80 soles per month. Given the estimates of the value of property rights, this rent increases to 85.5 soles per month or 1026 soles per year. The Peruvian Central Bank has estimated the rental value to sales price ratio for formal real estate markets in Peru. The most recent estimation, June 2015, finds the ratio to be 16.4 (BCRP (Peruvian Central Bank) 2015). We acknowledge that the formal market and squatter settlements may not have the same ratio, but we assume the values are comparable and assign the ratio to be 15. With this estimate, the value of an average squatter dwelling in our sample after title is conferred is 15,390 soles. 20 We know the tax rate for this property valuation is 0.2 percent. Assuming the appraisal accurately values the dwelling, the tax bill is approximately 30 soles. If we assume one quarter of the 30 million Peruvians are squatters then 7.5 million residents live in squatter dwellings. We know that the average household size for our sample is 4.35, so we estimate a total of 1.7 million squatter homes in Peru. The total tax owed by the squatter population is roughly 51 million soles per year. However, some squatters use the property tax system as a way to be in good faith when squatting. From personal discussions with property tax officials, we assume 20 percent of squatters pay property taxes. In total, the property tax revenue lost in Peru from squatting is approximately 40 million soles per year.
Focusing on metropolitan Lima, the average rent for an informal dwelling is about 266 soles. Our analysis implies title would generate an additional 22.3 soles a month or 8.4 percent of rent. Following the same method as above, the value of an average Lima dwelling after titling is 51,901 soles. The tax rate applied is 0.2 percent, so the tax bill is approximately 103 soles. If we assume nine million people live in Lima, and assuming the distribution of squatters is constant throughout Peru then 2.25 million of Lima's residents are assumed to be living in approximately 500,000 informal dwellings. 21 The total tax owed by is population is 51.5 million soles per year, but as some may use the property tax system to show good faith, this estimate of lost revenue is reduced to approximately 41 million soles per year. As the Lima tax revenue impacts are similar to the country wide predictions, our results suggest the lion's share of revenue gains should accrue to municipalities within metropolitan Lima.
This thought experiment does not include the added benefits of property rights from increased access to formal markets including real estate and financial markets. Likewise, we are not including additional social or economic benefits from property rights including labor market changes or externality effects to surrounding titled properties. We also make no assumption about how the property tax revenue is spent; such as local municipalities installing public infrastructure (water, sewer, power, etc.) and in turn creating an additional increase in the property tax base. These caveats imply that our interpretation of the results as an estimate of the added land value accrued from property rights must admit these qualifications.
Formulating Property Tax Policy in the Presence of Informal Land Use
Property tax policy is a pressing public finance problem in Latin America. It is universally accepted that one of the region's primary constraints on economic growth is relatively poor infrastructure. Much of the problem involves the inability of local governments to provide such basic infrastructure as water and sanitation systems or basic transportation infrastructure. Such infrastructure has to be paid for and the collection of property taxes is essential in such a situation. The problem in Peru is even more acute than the region as a whole. The ratio of property tax collections to GDP is a paltry 0.18. Only two countries in the region have lower ratios. Using Chile as a benchmark, the ratio is nearly one percent of GDP. Not surprisingly, property taxes account for only one percent of total taxes collected in Peru (De Cesare 2012). Using this metric, Peru is in the bottom half of the region with respect to property tax collections. With such a low level of property tax collections, the ability of local governments to provide infrastructure or other social services such as education becomes severely diminished.
These low ratios for Peru have one easily identifiable component. In the metro Lima area, it is estimated that only 60 percent of the property taxes that are owed are actually being paid (De Cesare 2012) . Given that Lima accounts for over half of the economy of the country, there would still be a substantial problem even if all property taxes owed in the rest of the country were paid in full. This known problem is greatly compounded by the large informal sector in the property market. Obviously, property taxes cannot be collected from informal properties that have not been registered. In Peru, as elsewhere in the region, this is not a trivial problem.
As outlined above, approximately 25 percent of the population is living in informal housing. This presents a classic catch 22 situation for local governments. They are short of funds for basic urban infrastructure. On the other hand, much of the growth of the urban population is occurring in the informal sector where the collection of property taxes is, to put it mildly, difficult. It is well understood that in the property markets and elsewhere in the economy it would be extremely beneficial for the government to be able to reduce the size of the informal sector. A "rough order of magnitude" estimate of what the existence of the informal property market is costing the government in terms of tax revenue amounts to over 40 million soles on an annual basis. Using any reasonable discount rate, the negative net present value of current policy is quite high. This is compounded by the distribution of property tax revenue in Peru. Unlike some other countries, municipalities are entitled to the revenue generated by the property tax. Under these circumstances, there is a far greater likelihood that enhancing the revenue derived from property taxes would be spent on local public goods. Further, the official cost of obtaining this revenue is quite low. Under Peruvian law, five percent of property tax revenues are returned to the Federal government as payment for maintaining the property tax register. An additional 0.3 percent also is returned as payment for determining valuations. Essentially, 95 percent of any additional property tax revenue gained from converting informal property to the formal tax system would be garnered by the municipalities for local use. Under the circumstances, a vigorous program to register informal properties would pass virtually any conceivable benefit/cost analysis.
Conclusions
We examine the implications of squatter settlements in Peru on the property tax system. We use annual household survey data to estimate a hedonic regression to uncover the implicit price for property rights and invasion. The model finds a title increases property values by almost seven percent and squatting on the land by invasion reduces values by about six percent controlling for housing characteristics and neighborhood effects. With these values we estimate the revenue loss from squatter settlements to be roughly 40 million soles per year. This paper shows the severity of the revenue impacts from squatting, but does not fully estimate the social and economic costs derived from squatting. The current underutilization of the property tax system in Latin American is exacerbated by the large squatting population and leads to high demand for public goods without a solid revenue source. The federal governments are left to fill the gap if the services are to be provided. At the same time, land values of local property owners increase with provision but this value is not captured efficiently through the property tax system when informal markets exist. If informal markets are made legitimate, local municipalities' tax bases may match more closely their service demanders.
While this paper does not formally address the social implications of squatting, it does shed some light on the situation in Peru specifically and more generally in Latin America. The literature on the effects of squatting versus the possession of a formal title universally indicates that the provision of titles to squatters produces improvements in welfare. In this vein our paper adds an estimate of a different and more immediate monetary gain to squatters. However, it adds an additional benefit, namely an increase in government revenue. A pressing problem in the region is the implementation of policy that will decrease the level of poverty. In a middle-income country such as Peru this is always difficult due to the size of the needs relative to the resources the government has to deal with them. In this paper, we have shown that increasing the provision of titles to squatters would in all likelihood increase government revenue while the cost of titles is relatively small as the underlying administration is already established. It is a rare opportunity for a government to be able to improve the welfare to the poor and simultaneously enhance revenues.
